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(57) ABSTRACT

According to one embodiment, a display device includes a
display area, a light control element, a projection surface and
at least one of one or more mirrors or one or more lenses.
The display area includes subpixels, and includes a first area
containing first subpixels in the subpixels and a second area
containing second subpixels in the subpixels. The light
control element is overlapped with the first area. The pro-
jection surface projects an image displayed in the display
area. A virtual image perceived by a user who views the
projection surface includes a first virtual image correspond-
ing to the first area and perceived as a stereoscopic virtual
image, and a second virtual image corresponding to the
second area and perceived as a planar virtual image.
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of PCT
Application No. PCT/JP2020/004412, filed Feb. 5, 2020 and
based upon and claiming the benefit of priority from Japa-
nese Patent Application No. 2019-022752, filed Feb. 12,
2019, the entire contents of all of which are incorporated
herein by reference.

FIELD

Embodiments described herein relate generally to a dis-
play device.

BACKGROUND

In recent years, head up displays (HUDs), which displays
information within a sight of a driver by reflecting an image
on a projection surface of a car such as a windshield, become
widely used. The driver perceives a virtual image of the
HUD in, for example, a position four meters ahead from the
windshield. Thereby, the driver can recognize route guid-
ance, emergency information, and the like without widely
changing the line of sight, and thus, the safety in driving is
improved.

An HUD may include a display device that is capable of
displaying a three-dimensional image. In order to make a
user (viewer) perceive a three-dimensional image, an image
for right eye must be perceived by the right eye of the user,
and an image for left eye must be perceived by the left eye
of the user. As a method to achieve the above, for example,
there are a method in which a user wears special eyeglasses
such as polarizer eyeglasses, shutter eyeglasses, or the like,
and a method in which a light control element such as
barrier, lenticular lens, or the like is provided with the
display device.

In a case where the display device, which is capable of
displaying a three-dimensional image, is provided with a
HUD in a vehicle, a method in which a light control element
is provided with the display device is preferred in order to
prevent a driver from wearing eyeglasses etc., which may
cause a trouble in driving.

However, in the method in which a light control element
is provided with the display device, the resolution of a
virtual image to be perceived by the user may be deterio-
rated.

SUMMARY

The present application generally relates to a display
device.

According to one embodiment, a display device includes
a display area, a light control element, a projection surface
and at least one of one or more mirrors or one or more lenses.
The display area includes subpixels, and includes a first area
containing first subpixels in the subpixels and a second area
containing second subpixels in the subpixels. The light
control element is overlapped with the first area. The pro-
jection surface projects an image displayed in the display
area. A virtual image perceived by a user who views the
projection surface includes a first virtual image correspond-
ing to the first area and perceived as a stereoscopic virtual
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image, and a second virtual image corresponding to the
second area and perceived as a planar virtual image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a display device according
to an embodiment.

FIG. 2 is a view showing an example of a virtual image
formed by the display device of the embodiment.

FIG. 3 is a cross-sectional view showing a structure
example of a display provided with the display device of the
embodiment.

FIG. 4 is a plan view showing a structure example of a
display panel and a light control element in the display of
FIG. 3.

FIG. 5 is a plan view showing another structure example
of the display panel and the light control element in the
display of FIG. 3.

FIG. 6 is a cross-sectional view showing a structure
example of the display panel and the light control element in
the display of FIG. 3.

FIG. 7 is a plan view showing a structure example of the
light control element in the display of FIG. 3.

FIG. 8 is a view showing a first arrangement example of
an image with respect to subpixels arranged in the display
panel of the display of FIG. 3.

FIG. 9 is a view showing a second arrangement example
of'an image with respect to subpixels arranged in the display
panel of the display of FIG. 3.

FIG. 10 is a view showing a third arrangement example
of'an image with respect to subpixels arranged in the display
panel of the display of FIG. 3.

FIG. 11 is a view showing a fourth arrangement example
of'an image with respect to subpixels arranged in the display
panel of the display of FIG. 3.

DETAILED DESCRIPTION

In general, according to one embodiment, a display device
includes a display area, a light control element, a projection
surface and at least one of one or more mirrors or one or
more lenses for projecting the image on the projection
surface. The display area includes subpixels arranged in a
first direction and a second direction which is orthogonal to
the first direction, and includes a first area containing first
subpixels in the subpixels and a second area containing
second subpixels in the subpixels. The light control element
is overlapped with the first area. The projection surface
projects an image displayed in the display area. A virtual
image perceived by a user who views the projection surface
includes a first virtual image corresponding to the first area
and perceived as a stereoscopic virtual image, and a second
virtual image corresponding to the second area and per-
ceived as a planar virtual image.

According to another embodiment, a display device
includes a first display area and a second display area having
pixels arranged in a matrix, a light control element and a
projection surface. The light control element displays a
three-dimensional image, being overlapped with the first
display area and not overlapped with the second display
area. The projection surface projects the three-dimensional
image displayed on the first display area and a two-dimen-
sional image displayed on the second display area.

Embodiments will be described hereinafter with reference
to the accompanying drawings. The disclosure is merely an
example, and proper changes within the spirit of the inven-
tion, which are easily conceivable by a skilled person, are
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included in the scope of the invention. In addition, in some
cases, in order to make the description clearer, the widths,
thicknesses, shapes, etc., of the respective parts are sche-
matically illustrated in the drawings, compared to the actual
modes. The schematic illustration is merely an example, and
adds no restrictions to the interpretation of the invention.
Furthermore, in the specification and drawings, the same
elements as those described in connection with preceding
drawings are denoted by like reference numerals, and a
detailed description thereof may be omitted.

FIG. 1 is a schematic view of a display device according
to an embodiment. The display device is, for example, a
head up display (HUD) 1. HUD 1 projects an image on a
projection surface to form a virtual image to be perceived by
a user.

As in FIG. 1, in a coordinate system defined to explain the
structure of the display device, direction X,; and direction
Y, are orthogonal to each other, and direction 7, is orthogo-
nal to both the directions X,; and Y. Direction X,, corre-
sponds to a horizontal direction with respect to a view point
VP of a user, direction Y, corresponds to a vertical direction
with respect to the view point VP, and direction Z,, corre-
sponds to a depth direction with respect to the view point VP.
Furthermore, observing X,-Y; plan defined by the direc-
tions X,; and Y, from the view point VP may be referred to
as a plan view.

The HUD 1 includes a display 2, one or more mirrors M1
and M2, and projection surface PS. The display 2 is con-
figured to display an image based on a display signal
acquired or generated by the display 2 on a screen. The
mirrors M1 and M2 are, for example, a flat mirror M1 and
a concave mirror M2.

An image displayed on the screen of the display 2 is
projected onto the projection surface PS via the flat mirror
M1 and the concave mirror M2. Specifically, optical beam of
the displayed image is reflected by and condensed by the flat
mirror M1 and the concave mirror M2 to be projected onto
the projection surface PS. The concave mirror M2 has, for
example, a radius of curvature in the vertical direction of
730 mm, and can reflect the optical beam in a manner to
enlarge an image.

The projection surface PS is, for example, an inner
surface of a windshield of a car, and has, for example, a
radius of curvature in the horizontal direction of 1700 mm.
The projected image is reflected by the projection surface PS
to a side of a user (driver) who has a view point VP. The
projected image forms a virtual image V in a position more
distant than the projection surface PS with respect to the user
(for example, a position a few meters ahead from the
projection surface PS). That is, the user perceives the virtual
image V in a position more distant than the projection
surface PS.

The one or more mirrors M1 and M2 of the HUD 1 may
be two concave mirrors. Or, instead of the flat mirror and the
concave mirror, other optical members including a half
mirror, Fresnel mirror, and the like can be adopted. Instead
of the one or more mirrors M1 and M2, or in addition to the
one or more mirrors M1 and M2, one or more lenses may be
used. Furthermore, the projection surface PS may not be a
windshield, but may be a transparent reflective plate dis-
posed in front of the driver. The image displayed on the
screen of the display 2 is reflected and condensed by the flat
mirror M1 and the concave mirror M2 to be projected onto
the reflection plate.

The display 2 can display a three-dimensional image and
a two-dimensional image. A state where the display 2 can
display a three-dimensional image is a state where a plural-
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ity of images corresponding to a plurality of view points are
displayed on the display 2 such that a user seeing the display
2 can perceive a three-dimensional image by capturing
images of two view points by both eyes.

In order to display a three-dimensional image, a light
control element such as barrier, lenticular lens, or the like is
disposed in a part of the screen of the display 2. The light
control element controls the light beam emitted from the
display 2 such that a pixel group for right eye displayed on
the screen of the display 2 is perceived by the right eye of
the user, and a pixel group for left eye displayed on the
screen is perceived by the left eye of the user. In this manner,
the user can perceive the three-dimensional image.

If a three-dimensional image is displayed by the display
2 to be projected onto the projection surface PS via the
mirrors M1 and M2, a virtual image V1 to be perceived by
a user as a three-dimensional image is formed. On the other
hand, if a two-dimensional image is displayed by the display
2 to be projected onto the projection surface PS via the
mirrors M1 and M2, a virtual image V2 to be perceived by
a user as a two-dimensional image is formed. The virtual
image V2 is formed as a plane parallel to the X,,-Y, plane,
for example.

For example, as in FIG. 1, the virtual image V1 corre-
sponding to a three-dimensional image is perceived by a
user in a range between a depth position za and a depth
position zc with respect to the view point VP. Furthermore,
the virtual image V2 corresponding to a two-dimensional
image is perceived by a user in a predetermined depth
position zb with respect to the view point VP. Thus, the user
can perceive the virtual image V1 as a stereoscopic virtual
image and the virtual image V2 as a planar virtual image.

FIG. 1 illustrates an example where the depth position zb
in which the virtual image V2 is perceived is within a range
between the depth position za and the depth position zc in
which the virtual image V1 is perceived; however, the depth
position zb may be closer to the view point VP of the user
than the range (that is, a position before the depth position
za), or may be deeper than the depth position zc.

Note that, in a display with a light control element (that
is, a display in which a light control element is overlapping
with a display panel), the resolution of an image perceived
by a user becomes lower than the resolution of the display.
For example, if images of two view points for the right and
left eyes are displayed on the display, the resolution of the
image perceived by the user is half the resolution of the
display.

However, for example, in a HUD disposed in a car,
information in which deterioration in visibility, that is,
deterioration in resolution is not preferable may be dis-
played. The information is desired to be displayed in reso-
Iution as high as possible, preferably.

Therefore, in the present embodiment, the display 2 is
configured to include a first area for a three-dimensional
display in which a light control element is overlaid and a
second area in which a light control element is not overlaid.
For example, an image which is preferred to be displayed
with a deepness is displayed in the first area, and an image
in which deterioration in resolution is not preferable is
displayed in the second area. The user viewing the projec-
tion surface PS perceive a stereoscopic virtual image cor-
responding the image displayed in the first area, and also a
planer virtual image corresponding the image displayed in
the second area. Thus, the display quality of the virtual
image to be perceived by users can be improved.

FIG. 2 shows an example of the virtual image V which is
perceived by a user at the view point VP. In the virtual image
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V, an image which is preferred to be displayed with a certain
deepness (an arrow in this example) is displayed is formed
as a virtual image V1 in a three-dimensional manner, and an
image in which deterioration in resolution is not preferable
or an image which is not necessary to be formed in a
three-dimensional manner is formed as a virtual image V2 in
a two-dimensional manner. The image in which deteriora-
tion in resolution is not preferable is, for example, an image
including a character, symbol, mark, sign (for example, road
sign), visibility of which is lowered if the resolution is
deteriorated. As in FIG. 2, a mark 201 which recommends
a user to wear the seatbelt, and a character string 202 which
warns approaching of another car to a user are images in
which deterioration in resolution is not preferable, and are
formed as virtual images V2 in a two-dimensional manner,
by which the resolution does not deteriorate.

In the virtual image V, the virtual image V1 formed in a
three-dimensional manner may be arranged in the upper part
with respect to the user, and the virtual image V2 formed in
atwo-dimensional manner may be arranged in the lower part
with respect to the user. Drivers tend to move their eye sights
to the upper part of the windshield (projection surface PS) to
look in a distance and to the lower part of the windshield to
look in the proximity. The feature in which the virtual
images V2 to be formed closer than the virtual image V1 are
arranged in the lower part of the virtual image V1 is suitable
for such tendency.

FIG. 3 is a cross-sectional view of an example of the
structure of the display 2. In the coordinate system defined
to explain the structure of the display 2, direction X,, and
direction Y, are orthogonal to each other, and direction Z,
is orthogonal to the directions X, and Y ,. Directions X, and
Y, are parallel to the main surface of the substrate of the
display 2, and direction Z, is orthogonal to the main surface.
That is, direction Z,, corresponds to the thickness direction
of the display 2.

The display 2 includes a display panel 10, light control
element 20, and lighting device 30. The display panel 10 is,
for example, a liquid crystal panel. The display panel 10
includes a first substrate 11 and a second substrate 12. The
second substrate 12 is positioned above the first substrate 11.
Note that, in this example, a direction from the first substrate
11 to the second substrate 12 will be referred to as upper part
(or above), and a direction from the second substrate 12 to
the first substrate 11 will be referred to as lower part (or
below). Phrases such as “the second member above the first
member” and “the second member below the first member”
may be interpreted as the second member contacting the first
member, or as the second member being apart from the first
member.

The light control element 20 is positioned above the
display panel 10. The light control element 20 includes a
plurality of light controllers as will be described later. The
light control element 20 is fixed to the display panel 10 with
a transparent resin 40.

The lighting device 30 is positioned below the display
panel 10. A first polarizer 51 is adhered to a lower surface
11B of the first substrate 11. A second polarizer 52 is adhered
to an upper surface 20A of the light control element 20. The
second polarizer 52 may be adhered to the upper surface
12A of the second substrate 12, or may be adhered to the
lower surface 20B of the light control element 20. Further-
more, the light control element 20 may be positioned
between the first polarizer 51 and the first substrate 11, or
between the lighting device 30 and the first polarizer 51.
Furthermore, the light control element 20 may be built into
the display panel 10.
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Note that, the display panel 10 is not limited to a liquid
crystal panel, but may be a self-luminous display panel
including organic electroluminescence display elements or
LLEDs, or may be an electronic paper display panel includ-
ing electrophoretic elements, for example.

The display panel 10 is, for example, a transparent display
panel which displays an image by selectively passing the
light from the rear surface side of the first substrate 11. Note
that, the display panel 10 may be a reflection display panel
which displays an image by selectively reflecting the light
from the front surface side of the second substrate 12, or may
be a display panel including both the transparent display
function and the reflection display function. If the display
panel 10 is the reflection display panel, the lighting device
30 may be omitted, or the lighting device 30 may be
positioned above the display panel 10.

FIG. 4 is a plan view of an example of the structure of the
display panel 10 and the light control element 20. The
display panel 10 includes a display area DA in a part where
the first substrate 11 and the second substrate 12 overlap
with each other.

The display area DA includes subpixels SP which are
arranged in a direction X,, and a direction Y, which is
orthogonal to the direction X,,. For example, the subpixels
SP includes a red subpixel SPR displaying red, green sub-
pixel SPG displaying green, and blue subpixel SPB display-
ing blue. Furthermore, in an area of the display area DA
where the subpixels SP is not disposed, a light shielding
member which will be referred to as black matrix BM1 is
disposed. That is, the black matrix BM1 is arranged between
the subpixels SP, and in the peripheral part of the surface of
the display panel 10.

The black matrix should have an optical density (OD)
value of three or more. The black matrix may be a light
absorbing material or a light reflection material. The black
matrix may be formed of a metal material of a compound
containing chrome, molybdenum, or silver, or may be
formed of a black resin material.

In the following description, if a color of a subpixel is not
specified, one subpixel may be referred to as subpixel SP.
Furthermore, the direction X,, may be referred to as hori-
zontal direction, and the direction Y, may be referred to as
vertical direction. Each subpixel SP may be shaped as a
rectangle of the same size. Each subpixel SP includes a
width W, in the direction X,,, and a height H, in the
direction Y. The height H, is, for example, greater than
the width W,. Note that, each subpixel SP is shaped as a
parallelogram, and may be inclined at a specific angle with
respect to the direction Y, (for example, between 4 and 16
degrees). A plurality of subpixels SP arranged in the direc-
tion X, form rows, and a plurality of subpixels SP arranged
in the direction Y, form columns.

Two subpixels SP adjacent to each other in the direction
X, can display different colors. Two subpixels SP adjacent
to each other in the direction Y, can display a same color.
In the example of FIG. 4, a plurality of subpixels of red
subpixel SPR, green subpixel SPG, and blue subpixel SPB
are arranged in this order in the direction X,,, and a plurality
of subpixels SP of the same color are arranged in the
direction Y.

For example, if subpixels of n colors are arranged in the
direction X,,, and sets of n subpixels are arranged in the
direction X, the height Hg, is n times of the width W,.
Note that, n is a natural integer of two or more. In the
example of FIG. 4, n is 3. Thus, the height H is three times
as the width W,.
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The display area DA includes a first area DA1 including
first subpixels SP1 in the subpixels SP, and a second area
DA2 including second subpixels SP2 in the subpixels SP.
The light control element 20 which is hatched in the figure
overlaps with the first area DA1. On the other hand, the light
control element 20 does not overlap with the second area
DA2. That is, the light control element 20 overlaps with the
subpixels SP1 in a range 1A while does not overlap with the
subpixels SP2 in a range 1B.

The first area DA1 is used as an area to display a
three-dimensional image. Thus, the first subpixels SP1 in the
first area DA1 includes a plurality of subpixels to display
each of a plurality of images corresponding to a plurality of
view points. The second area DA2 is used as an area to
display a two-dimensional image, and thus, the second
subpixels SP2 in the second area DA2 is used to display an
image of one view point.

Or, it may be interpreted that, in the HUD1, the first
subpixels SP1 in the first area DA1 includes a plurality of
subpixels displaying each of a plurality of images of a
plurality of view points by which a stereoscopic virtual
image V1 is perceived by a user. Furthermore, it may be
interpreted that the second subpixels SP2 in the second area
DAZ2 displays an image of one view point by which a planar
virtual image V2 is perceived by a user.

Note that, as in FIG. 5, the subpixels SP1 of one or more
rows in the first area DA1, which is closest to the boundary
to the second area DA2 may be replaced with a black matrix
BM2. That is, the display panel 10 includes the black
matrices BM1 and BM2 (first light shielding member) in a
third area in the first area DA1. The third area contacts the
second area DA2. In a range 1C corresponding to the third
area, the light control element 20 overlaps with the black
matrices BM1 and BM2. Note that, the light control element
20 may include a black matrix (second light shielding
member) overlapping the black matrices BM1 and BM2 in
the third area.

FIG. 6 is a cross-sectional view of an example of the
structure of the display panel 10 and the light control
element 20.

FIG. 6(A) corresponds to a cross-sectional view of a
position where the first subpixels SP1 in the range 1A,
wherein the light control element 20 overlaps with the
display panel 10. On the upper surface of the display panel
10, the first subpixels SP1 and the black matrix BM1 are
arranged. The black matrix BM1 is disposed between the
subpixels and in the peripheral part of the upper surface of
the display panel 10.

The light control element 20 includes a substrate 21 and
a plurality of light regulating members 22. The substrate 21
is a transparent substrate such as glass, resin, or the like. The
light regulating member 22 is to limit the light passing
through itself, and functions as a light controller. The light
regulating member 22 includes, for example, a light shield-
ing member 23 overlapping a plurality of subpixels SP
arranged in the direction X,, and an opening 24 overlapping
at least one of the subpixels SP. In other words, the light
shielding members 23 are arranged in the direction X, at
intervals each corresponding to the width of the opening 24.

The light shielding member 23 should have an optical
density (OD) value of three or more. The light shielding
member 23 may be a light absorbing body, or may be a light
reflection body. The light shielding member 23 may be
formed of a metal material of a compound containing
chrome, molybdenum, or silver, or may be a black resin
material. In the present embodiment, the light regulating
member 22 may be, for example, an emulsion mask.
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The light shielding member 23 has a width W23 in the
direction X, and the opening 24 has a width W24 in the
direction X,,. The width W22 of one light regulating mem-
ber 22, that is, a pitch of the light regulating members 22
arranged in the direction X, corresponds to a sum of the
widths W23 and W24.

The width W23 of the light shielding member 23 is
greater than the width W24 of the opening 24. Two light
regulating members 22 arranged in the direction X, overlaps
with a plurality of subpixels SP. Two openings 24 adjacent
to each other with a light shielding member 23 interposed
therebetween overlap with, for example, subpixels SP of
different colors. For example, the opening 24 positioned in
the left side of FIG. 6(A) overlaps with a red subpixel SPR,
and the opening 24 positioned in the right side of FIG. 6(A)
overlaps with a blue subpixel SPB.

The width W24 of the opening 24 may be greater than, or
equal to, or smaller than the width W, of the subpixel SP.
If the width W24 is smaller than the width W i, the number
of light beams passing through the opening 24 can be
decreased, and the resolution of the perceived image can be
improved. On the other hand, from a stand point of sup-
pressing the decrease of the brightness of the perceived
image, the width W24 is preferred to be substantially equal
to the width Wg,. Furthermore, one opening 24 may overlap
with the subpixels SP.

Note that, instead of a plurality of light regulating mem-
bers 22, a different kind of light controller which can control
the light emitted from each subpixel SP may be provided
with the light control element 20, or a plurality of lenses may
be provided with the light control element 20.

FIG. 6(B) corresponds to a cross-sectional view of a
position where the subpixels SP2 in the range 1B, wherein
the light control element 20 does not overlap with the
display panel 10. The structure of the display panel 10 is
similar to that of FIG. 6(A).

FIG. 6(C) corresponds to a cross-sectional view of the
range 1C, wherein the light control element 20 overlaps with
the display panel 10 with the black matrices BM1 and BM2
disposed on the upper surface thereof. Note that, in the light
control element 20 of the range 1C, a black matrix may be
disposed instead of the light regulating member 22. Or, in
the light control element 20 of the range 1C, a black matrix
may be arranged instead of the light regulating member 22
without arranging the black matrix BM2 on the upper
surface of the display panel 10 of the range 1C.

Note that, the part in the range 1A, wherein the light
control element 20 overlaps the display panel 10 with the
black matrix BM1 disposed on the upper surface thereof has
the same cross-sectional view as the range 1C.

FIG. 7 is a plan view of a more specific example of the
structure of the light control element 20. In the light control
element 20, a plurality of light regulating members 22 are
arranged in the direction X,,. The light shielding member 23
and the opening 24 of the light regulating member 22 extend
in a diagonal direction which is different from the directions
X, and Y. Each light shielding member 23 has a pair of
edges E23 arranged in the direction X,,. The edges E23 are
parallel to each other. The opening 24 is positioned between
the edges E23 which faces each other of the light shielding
members 23 which are adjacent to each other in the direction
Xp
The light regulating member 22 overlaps with the display
area DA and linearly extends across a plurality of rows of
subpixels. Each of the light regulating member 22, light
shielding member 23, and opening 24 is inclined with
respect to the direction Y, at an angle 6.
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An image to be displayed using subpixels SP in the
display area DA will be explained with reference to FIGS.
8 to 10. In the subpixels SP, a plurality of images corre-
sponding to a plurality of view points by which a stereo-
scopic virtual image V1 (or image) is perceived by a user,
and an image by which a planar virtual image V2 (or image)
is perceived by a user at a predetermined depth position are
displayed. The number of view points will be any natural
integer of 2 or more. When the number of view points
increases, a possibility that the virtual image to be perceived
collapses becomes lower even if a user moves the eye sight.

Here, an example case will be explained, where a first
image, a second image, third image and fourth image
corresponding respectively to four view points VP1, VP2,
VP3, and VP4 are used as a plurality of images correspond-
ing to a plurality of view points for the user to be able to
perceive the stereoscopic virtual image V1. The first image,
second image, third image, and fourth image are images
obtained when one scene (object) is captured from the first
view point VP1, second view point VP2, third view point
VP3, and fourth view point VP4, respectively. Furthermore,
a zeroth image is used as an image of one view point by
which the planar virtual image V2 is perceived by the user
at a predetermined depth position.

The display area DA includes a first area DA1 in which
the first to fourth images are displayed, and a second area
DAZ2 in which the zeroth image is displayed. Note that, while
the light control element 20 overlaps with the first area DA1,
the light control element 20 does not overlap with the second
area DA2. Each of the first to fourth images has the same
resolution as the first area DA1, for example. The zeroth
image has the same resolution as the second area DA2, for
example.

FIG. 8 shows an image to be displayed in each subpixel
SP in the display area DA. In the area representing each
subpixel SP, the number of the image part of which is
displayed in the subpixel SP. In this example, if the image to
be displayed is the first image, “1” is displayed in the area
representing each subpixel SP, and similarly, if the image to
be displayed is the second image, “2” is displayed therein,
and if the image to be displayed is the third image, “3” is
displayed therein, and if the image to be displayed is the
fourth image, “4” is displayed therein, and if the image to be
displayed is the zeroth image, “0” is displayed therein.

In the first area DA1, for example, four subpixels 801,
802, 803, and 804 are used to display parts of the first to
fourth images corresponding to the four view points VP1,
VP2, VP3, and VP4. The four subpixels 801, 802, 803, and
804 are arranged in the direction X, in this order. In each of
the subpixels 801, 802, 803, and 804, for example, five
subpixels are arranged in the direction X, and one to three
subpixels are arranged in the direction Y.

The light beam emitted from the subpixels 801 passes
through the opening 24 between two light shielding mem-
bers 23 to reach the first view point VP1. Thus, the subpixels
801 is used to display a part of the first image corresponding
to the first view point VP1. In the subpixels 801, a part of the
first image corresponding to the position of the subpixels
801 in the first area DA1 is displayed.

The light beam emitted from the subpixels 802 passes
through the opening 24 between two light shielding mem-
bers 23 to reach the second view point VP2. Thus, the
subpixels 802 is used to display a part of the second image
corresponding to the second view point VP2. In the subpix-
els 802, a part of the second image corresponding to the
position of the subpixels 802 in the first area DAl is
displayed.
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The light beam emitted from the subpixels 803 passes
through the opening 24 between two light shielding mem-
bers 23 to reach the third view point VP3. Thus, the
subpixels 803 is used to display a part of the third image
corresponding to the third view point VP3. In the subpixels
803, a part of the third image corresponding to the position
of the subpixels 803 in the first area DA1 is displayed.

Furthermore, the light beam emitted from the subpixels
804 passes through the opening 24 between two light
shielding members 23 to reach the fourth view point VP4.
Thus, the subpixels 804 is used to display a part of the fourth
image corresponding to the fourth view point VP4. In the
subpixels 804, a part of the fourth image corresponding to
the position of the subpixels 804 in the first area DA1 is
displayed.

In a similar manner to the aforementioned subpixels 801,
802, 803, and 804, which image is displayed will be deter-
mined in each subpixel SP1 in the first area DA1. Thus, in
the first area DA, parts of the four images corresponding to
the four view points VP1, VP2, VP3, and VP4 are arranged
in predetermined patterns in the direction X, and Y,

A user can perceive a stereoscopic virtual image V1 by the
light beam emitted from the first area DA1 in the following
cases, for example.

(1) Case where the light beam emitted from the subpixels
801 to the first view point VP1 is captured by the right eye
while the light beam emitted from the subpixels 802 to the
second view point VP2 is captured by the left eye.

(2) Case where the light beam emitted from the subpixels
802 to the second view point VP2 is captured by the right
eye while the light beam emitted from the subpixels 803 to
the third view point VP3 is captured by the left eye.

(3) Case where the light beam emitted from the subpixels
803 to the third view point VP3 is captured by the right eye
while the light beam emitted from the subpixels 804 to the
fourth view point VP4 is captured by the left eye.

As in the example of FIG. 8, the light beam emitted to a
view point of certain number (for example, first view point
VP1) is captured by the right eye while the light beam
emitted to a view point of number which is greater than the
certain number by one (for example, second view point
VP2) is captured by the left eye, and thus, a stereoscopic
virtual image can be perceived properly by a user.

As described above, the subpixels SP1 in the first area
DAT1 is divided to display the first to fourth images. Then,
parts of the first to fourth images are displayed in the divided
subpixels SP1. By the division, the resolution of each of the
first to fourth images to be displayed becomes approxi-
mately Y4 the resolution of the first area DA1. Thus, in each
of the view points VP1, VP2, VP3, and VP4, the resolution
of the virtual image V1 to be perceived by the light beam
emitted from the first area DA1 becomes as approximately
V4 the resolution of the display performance of the first area
DA1, that is, the resolution is deteriorated.

Furthermore, the subpixels SP in the second area DA2 is
used to display the zeroth image. In the subpixels SP in the
second area DA2, the entirety of the zeroth image may be
displayed, not a part of the zeroth image. Since the light
control element 20 does not overlap with the second area
DAZ2, the light beam emitted from the subpixels SP in the
second area DA2 reaches to all the view points VP1, VP2,
VP3, and VP4. Thus, in each of the view points VP1, VP2,
VP3, and VP4, the resolution of the virtual image V2 to be
perceived by the light beam emitted from the second area
DAZ2 is the same as that of the second area DA2, that is, the
resolution is not deteriorated. Thus, the image including
characters, symbols, and the like, in which deterioration in
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resolution is not preferable will be displayed using the
subpixels SP in the second area DA2. Thus, the correspond-
ing virtual image V2 can be perceived by a user without
lowering the visibility thereof.

To the display 2, display signals by which the subpixels
SP in the display part DA display the zeroth image and parts
of the first to fourth images in a layout of FIG. 8 will be
input. The display 2 under the control according to the
display signals displays the zeroth image and parts of the
first to fourth images using the subpixels SP.

The display signals are generated by another information
processor, and the like, and can be input to the display 2.
Note that the display signals may be broadcast signals. In
that case, the display 2 at least includes a communication
device to receive display signals. Note that the display
signals may be generated using a circuit such as processor in
the display 2.

Onto the projection surface PS of the HUD 1 of FIG. 1,
a plurality of images of a plurality of view points displayed
using the first subpixels SP1 (for example, first to fourth
images) are projected view the light control element 20 and
the mirrors M1 and M2 while an image of one view point
displayed using the second subpixels SP2 (for example,
zeroth image) is projected via the mirrors M1 and M2.

The view point VP of the HUD 1 includes, specifically, a
view point VP of right eye of user and a view point VP, of
left eye of user. For example, first light beam emitted from
the subpixels SP1 in which an image (first image) is dis-
played in the first area DA1 and passing through the opening
24 reaches the view point VP, of right eye via the mirrors
M1 and M2 and the projection surface PS. Second light
beam emitted from the subpixels SP1 in which another
image (for example, second image) is displayed in the first
area DA1 and passing the opening 24 reaches the view point
VP, of left eye via the mirrors M1 and M2 and the projection
surface PS. Furthermore, third light beam emitted from the
subpixels SP2 in the second area DA2 in which the zeroth
image is displayed reaches the view points VP, and VP; via
the mirrors M1 and M2 and the projection surface PS.

A user can perceive a stereoscopic virtual image V1 by
capturing the first light beam with the right eye and captur-
ing the second light beam with the left eye, and can perceive
a planar virtual image V2 by capturing the third light beam
by both eyes. That is, the user can perceive both the virtual
image V1 corresponding to an image to be displayed with a
deepness and the virtual image V2 corresponding to an
image including characters, symbols, and the like, in which
the deteriorating of the resolution is not preferable. There-
fore, the display quality of the virtual images V formed in
the HUD 1 can be improved.

Note that, in the proximity of the boundary of the first area
DAT1 and the second area DA2, the light control element 20
may not overlap a part of the first area DA1 while the light
control element 20 may not overlap a part of the second area
DA2 depending on the accuracy of assembly of the display
panel 10 and the light control element 20, for example. In
that case, the light beam emitted from each of the areas DA1
and DA2 may possibly be perceived in an unintentional
view point.

Thus, as described above with reference to FIG. 5, sub-
pixels SP1 of one or more rows in the first area DA1, which
are closest to the boundary to the second area DA2 may be
replaced with a black matrix BM2. In that case, as in FIG.
9, the part of the black matrix BM2 is not used for the
display of the first to fourth images, and thus, even if the
light control element 20 does not overlap with the subpixels
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SP1 of one or more rows, perception of an unintentional
virtual image by a user can be avoided.

Furthermore, the zeroth image by which a planar virtual
image V2 is perceived by a user may be displayed using the
parts of the subpixels SP1 in the first area DA1 which is in
the proximity of the subpixels SP2 in the second area DA2.
For example, as in FIG. 10, the subpixels SP1 of one or more
rows in the first area DA1 which are closest to the boundary
with the second area DA2 may be used for the display of the
zeroth image by which the planar virtual image V2 is
perceived.

If the light control element 20 does not overlap with the
subpixels SP1 of one or more rows, parts of the first to fourth
images displayed using the subpixels SP1 are directly per-
ceived by a user. That is, two images of different view points
are not perceived by the right or left eye of the user, and the
parts of the first to fourth images to be displayed are
perceived by both eyes of the user. That is, a virtual image
of unintentional contents will be perceived by the user.

In contrast, if a part of the zeroth image is displayed using
the subpixels SP1 of one or more rows with which the light
control element 20 does not overlap, the contents of the
virtual image to be perceived (recognized) by a user does not
change although the resolution of the virtual image to be
perceived by the user is deteriorated. Thus, even if the light
control element 20 does not overlap with the subpixels SP1
of one or more rows, perception of an unintentional image
by a user can be avoided.

As above, even if the accuracy of assembly of the display
panel 10 and the light control element 20 is low, or the like,
the intentional virtual image V can be perceived by a user,
and an affect on the visibility of the user can be reduced.

FIG. 11 shows another example where which image is to
be displayed in the subpixels SP in the display area DA. In
this example, a first image and a second image correspond-
ing to two view points VP1 and VP2, respectively, are used
as a plurality of images corresponding to a plurality of view
points by which a stereoscopic image V1 (or image) is
perceived by a user. The first image and the second image
are images obtained when one scene is captured from the
first view point VP1 and the second view point VP2.
Furthermore, a zeroth image is used as an image of one view
point by which a planar virtual image V2 at a predetermined
depth position is perceived by a user.

The display area DA includes a first area DA1 in which
the first image or the second image is displayed and a second
area DA2 in which the zeroth image is displayed. While the
light control element 20 overlaps with the first area DA1, the
light control element 20 does not overlap with the second
area DA2. Each of the first and second images has, for
example, the same resolution as the first area DA1. The
zeroth image has, for example, the same resolution as the
second area DA2.

In the first area DA1, for example, parts of the first and
second images corresponding to the two view points VP1
and VP2 using two subpixels 111 and 112 are displayed. The
two subpixels 111 and 112 are arranged in this order in the
direction X,. For example, in the subpixels 111 and 112, ten
subpixels are arranged in the direction X, and one to three
subpixels are arranged in the direction Y.

The light beam emitted from the subpixels 111 passes
through the opening 24 between two light shielding mem-
bers 23 to reach the first view point VP1. Thus, the subpixels
111 is used to display a part of the first image corresponding
to the first view point VP1. In the subpixels 111, a part of the
first image corresponding to the position of the subpixels 111
in the first area DA1 is displayed.
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Furthermore, the light beam emitted from the subpixels
112 passes through the opening 24 between two light
shielding members 23 to reach the second view point VP2.
Thus, the subpixels 112 is used to display a part of the
second image corresponding to the second view point VP2.
In the subpixels 112, a part of the second image correspond-
ing to the position of the subpixels 112 in the first area DA1
is displayed.

In the first area DA1, as with the aforementioned subpix-
els 111 and 112, which image is displayed in each subpixel
SP1 will be determined. Thus, in the first area DA1, a part
of two images corresponding to two view points VP1 and
VP2 is arranged in the directions X, and Y, in a predeter-
mined pattern.

A user can perceive a clearer stereoscopic virtual image
V1 based on the light beam emitted from the first area DA1
when capturing the light beam emitted to the first view point
VP1 with the right eye and capturing the light beam emitted
to the second view point VP2 with the left eye.

As described above, the subpixels SP1 in the first area
DAT1 is divided to display the first and second images. The
first and second images are partially displayed in the divided
subpixels SP1. By the division, the resolution of each of the
first and second images to be displayed becomes approxi-
mately ¥ the resolution of the first area DA1. Thus, in each
of'the view points VP1 and VP2, the resolution of the virtual
image V1 to be perceived through the light beam emitted
from the first area DA1 becomes approximately Y2 the
resolution of the display performance of the first area DA1,
that is, the resolution is deteriorated.

Furthermore, the subpixels SP2 in the second area DA2 is
used to display the zeroth image. In the subpixels SP2 in the
second area DA2, the entirety of the zeroth image will be
displayed, not a part of the zeroth image. The light control
element 20 does not overlap with the second area DA2, and
thus, the light beam emitted from the subpixels SP2 in the
second area DA2 reaches both the view points VP1 and VP2.
Thus, in the view points VP1 and VP2, the resolution of the
virtual image V2 to be perceived through the light beam
emitted from the second area DA2 is the same as that of the
second area DA2, that is, the resolution is not deteriorated.
Thus, an image including characters, symbols, and the like,
in which deterioration in resolution is not preferable is
displayed using the subpixels SP2 in the second area DA2 in
order that a user can perceive the corresponding virtual
image V2 without lowering the visibility thereof.

To the display 2, display signals by which the subpixels
SP in the display area DA display the zeroth image and parts
of the first and second images in a layout as in FIG. 11 are
input. The display 2 under the control according to the
display signals displays the zeroth image and parts of the
first and second images using the subpixels SP.

As described above, the view point VP of the HUD 1 of
FIG. 1 includes the view point VP for the right eye of user,
and the view point VP, for the left eye of user. The first light
beam emitted from the subpixels SP1 in which the first
image of the first area DA1 is displayed and passes through
the opening 24 reaches the view point VP, of the right eye
via the mirrors M1 and M2 and the projection surface PS.
The second light beam emitted from the subpixels SP1 in
which the second image of the first area DA1 is displayed
and passes through the opening 24 reaches the view point
VP, of the left eye via the mirrors M1 and M2 and the
projection surface PS. Furthermore, the third light beam
emitted from the subpixels SP2 in the second area DA2 in
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which the zeroth image is displayed reaches the two view
points VP, and VP, via the mirrors M1 and M2 and the
projection surface PS.

The user captures the first light beam with the right eye
and the second light beam with the left eye to perceive a
stereoscopic virtual image V1, and also, the user captures the
third light beam with both eyes to perceive a planar virtual
image V2. That is, the user can perceive both the virtual
image V1 corresponding to an image, which should prefer-
ably be obtained with a deepness and the virtual image V2
corresponding to an image including characters, symbols,
and the like, in which the deteriorating of the resolution is
not preferable. Therefore, the display quality of the virtual
images V formed in the HUD1 can be improved.

Note that in the case where the first and second images of
two view points are displayed in the first area DA1 as well,
a modified structure can be applied to the vicinity of the
boundary between the first area DA1 and the second area
DA2, which is described above with reference to FIGS. 9
and 10.

As described above, according to the present embodi-
ment, the display quality of the virtual images can be
improved.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

An example of the display device obtained from the
configuration disclosed in this specification will be addition-
ally noted.

(1) A display device comprising:

a display area including subpixels arranged in a first
direction and a second direction which is orthogonal to the
first direction, and including a first area containing first
subpixels in the subpixels and a second area containing
second subpixels in the subpixels;

a light control element that is overlapped with the first
area;

a projection surface on which an image displayed in the
display area is projected; and

at least one of one or more mirrors or one or more lenses
for projecting the image on the projection surface, wherein

a virtual image perceived by a user who views the
projection surface includes a first virtual image correspond-
ing to the first area and perceived as a stereoscopic virtual
image, and a second virtual image corresponding to the
second area and perceived as a planar virtual image.

(2) The display device of item 1, wherein the virtual
image includes, with respect to the user, the first virtual
image in an upper part and the second virtual image in a
lower part.

(3) The display device of item 1, wherein the display area
includes a first light shielding member in a third area in the
first area, which contacts the second area.

(4) The display device of item 3, wherein the light control
element further includes a second light shielding member
overlapping the first light shielding member.

(5) The display device of item 1, wherein the display area
further displays, using a part of the first subpixels which is
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in the proximity of the second subpixels, an image by which
the user can perceive the planar virtual image.

(6) The display device of item 1, wherein

the second virtual image is perceived by the user in a first
depth position, and

the first virtual image is perceived by the user in a range
between a second depth position and a third depth position.

(7) The display device of item 6, wherein the range
includes the first depth position.

(8) The display device of item 6, wherein the first depth
position is a position closer to a view point of the user than
is the range.

(9) The display device of item 1, wherein

the first subpixels includes a plurality of subpixels each
displaying a plurality of images of a plurality of view points,
by which the user can perceive the stereoscopic virtual
image, and

the second subpixels displays an image of one view point
by which the user can perceive the planar virtual image.

(10) The display device of item 1, wherein, a plurality of
images of a plurality of view points displayed using the first
subpixels are projected onto the projection surface via the
light control element, and an image of one view point
displayed using the second subpixels is projected onto the
projection surface.

(11) A display device comprising:

a first display area and a second display area having pixels
arranged in a matrix;

a light control element, which displays a three-dimen-
sional image, being overlapped with the first display area
and not overlapped with the second display area; and

a projection surface on which the three-dimensional
image displayed on the first display area and a two-dimen-
sional image displayed on the second display area being
projected.

What is claimed is:

1. A display device comprising:

a display area including subpixels arranged in a first
direction and a second direction which is orthogonal to
the first direction, and including a first area containing
first subpixels in the subpixels and a second area
containing second subpixels in the subpixels;

a light control element that is overlapped with the first
area and is not overlapped with the second area;

a projection surface on which an image displayed in the
display area is projected; and

at least one of one or more mirrors or one or more lenses
for projecting the image on the projection surface,
wherein
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a virtual image perceived by a user who views the
projection surface includes a first virtual image corre-
sponding to the first area and perceived as a stereo-
scopic virtual image, and a second virtual image cor-
responding to the second area and perceived as a planar
virtual image,

the display device comprises a peripheral part and a light
shielding member, the light shielding member arranged
between a predetermined first subpixels constituting
the first subpixels and a predetermined second subpix-
els constituting the second subpixels,

the first area includes a third area capable of including one
or more lines of the first subpixels, the third area being
between a line of the first subpixels closest to the
second area and the second area, and

a part of the light shielding member and a first light
shielding member are arranged over a surface of the
third area.

2. The display device of claim 1, wherein the virtual
image includes, with respect to the user, the first virtual
image in an upper part and the second virtual image in a
lower part.

3. The display device of claim 1, wherein the light control
element further includes a second light shielding member
overlapping the first light shielding member.

4. The display device of claim 1, wherein

the second virtual image is perceived by the user in a first
depth position, and

the first virtual image is perceived by the user in a range
between a second depth position and a third depth
position.

5. The display device of claim 4, wherein the range

includes the first depth position.

6. The display device of claim 4, wherein the first depth
position is a position closer to a view point of the user than
is the range.

7. The display device of claim 1, wherein

the first subpixels includes a plurality of subpixels each
displaying a plurality of images of a plurality of view
points, by which the user can perceive the stereoscopic
virtual image, and

the second subpixels displays an image of one view point
by which the user can perceive the planar virtual image.

8. The display device of claim 1, wherein, a plurality of
images of a plurality of view points displayed using the first
subpixels are projected onto the projection surface via the
light control element, and an image of one view point
displayed using the second subpixels is projected onto the
projection surface.



